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[57] ABSTRACT 

A digital computer system comprises a precise exception 
handling processor and a control subsystenx The precise 
excq>tion handling processor performs processing opera- 
tions under control of instructions. The precise exception 



handling processor is constructed in accordance with a 
precise exception handling model, in which, if an exception 
condition is detected in connection with an iostruction. the 
exception condition is processed in connection with the 
instruction. The precise exception handling processor fur- 
ther includes a pending exception indicator having a pending 
exception indication state and a no pending exception indi- 
cation state. The control subsystem provides a series of 
instructions to the precise exception handling processor to 
facilitate emulation of at least one emulated program 
instruction. The emulated program instruction is constructed 
to be processed by a delayed exception handling processor 
which is constructed in accordance with a delayed exception 
handling model, in which if an exception is detected during 
processing of an instruction, the exception condition is 
processed in connection with a subsequent instruction. The 
series of instructions provided by the control subsystem in 
emulation of the emulated program instruction controls the 
precise exception handling processor to 

(i) determine whether the pending exception indicator is 
in the pending exception indication state and. if so. to 
invoke a routine to process the pending exception and 
condition the pending exception indicator to the no 
pending exception indication state 

(ii) perform processing operations in accordance with die 
emulated^processing instruction; and 

(iii) if an excepticm condition is detected during the 
processing operations, to invoke an exception handler 
in accordance with the processor's precise exception 
handling model to condition die pending exception 
indicator to the pending exception indication state, so 
that the exception conditioo will be processed during 
processing operations for a subsequent emulated pro- 
gram instruction. 

83 Claims, 4 Drawing Sheets 
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80. RETRIEVE INSTRUCTION OF ORIGINAL 
PROGRAM 27 TO BE TRANSLATED 



] 



NO 



81. DETERMINE WHETHER RETRIEVED 
INSTRUCTION IS A FLOATING POINT 
INSTRUCTION 



YES 



82. PROVIDE INSTRUCTION(S) TO ENABLE 
DETERMINATION OF WHETHER PENDING 
FLOATING POINT CONDITION EXISTS AND, IF 
SO, TO PROCESS IT 



_ ^ 






^3. PROVIDE INSTRUCTION(S) TO ENABLE 
OPERATIONS TO BE PERFORMED IN 
ACCORDANCE WITH RETRIEVED ORIGINAL 
PROGRAM INSTRUCTION 




r 



CONDITION INDICATION IS GENERATED, 
EXCEPTION CONDITION IS PROCESSED IN 
ACCORDANCE WITH HOST 
MICROPROCESSOR'S PRECISE EXCEPTION 
^ANDUNG MODEL 
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EJJLl 



NO 



101. DETERMINE WHETHER FLOATING POINT 
EXCEPTION FLAG IS SET, INDICATING THAT 
THERE A PENDING FLOATING POINT 
EXCEPTION CONDITION EXISTS 



YES 



102. INVOKE FLOATING POINT EXCEPTION 
HANDLER TO PROCESS PENDING FLOATING 
POINT EXCEPTION USING EXCEPTION 
POINTERS 





r 


r 

103. PERFORM OPERAT 
INSTRUCTION OF EMUL 
PROCESSED 


IONS REQUIRED FOR 
ATED PROGRAM BEING 



NO 



104. DETERMINE WHETHER AN EXCEPTION 
CONDITION INDICATION HAS BEEN 
GENERATED 



YES 



105. LOAD VALUES REFLECTING PENDING 
FLOATING POINT EXCEPTION IN EXCEPTION 
POINTER 31 AND CONDITION FLOATING POINT 
EXCEPTION FLAG 34 IN ACCORDANCE WITH 
DETERMINATION IN STEP 104. 



106. CONTINUE WITH NEXT OPERATION 
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NO 



421. ATTEMPT TO STORE PREDETERMINED 
VALUE IN SELECTED STORAGE LOCATION OF 
SELECTED PAGE, AND DETERMINE WHETHER 
MEMORY MANAGEMENT UNIT ISSUED AN 
ACCESS FAULT INDICATION, THEREBY TO 
DETERMINE WHETHER THERE A PENDING 
FLOATING POINT EXCEPTION CONDITION 
EXISTS 



YES 



122. INVOKE FLOATING POINT EXCEPTION 
HANDLER TO PROCESS PENDING FLOATING 
POINT EXCEPTION USING EXCEPTION 
POINTERS 



123. PERFORM OPERATIONS REQUIRED FOR 
INSTRUCTION OF EMULATED PROGRAM BEING 
PROCESSED 
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"124. DETERMINE WHETHER AN EXCEPTION 
CONDITION INDICATION HAS BEEN 
GENERATED 





125. LOAD VALUES REFLECTING PENDING 
FLOATING POINT EXCEPTION IN EXCEPTION 
POINTER 31 AND CONDITION ACCESSIBILITY 
OF SELECTED PAGE IN ACCORDANCE WITH 
DETERMINATION IN STEP 124. 



126. CONTINUE WITH NEXT OPERATION 
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EMULATING A DELAYED EXCEPTION ON A 
DIGITAL COMPUTER HAVING A 
CORRESPONDING PRECISE EXCEPTION 
MECHANISM 

FIELD OF THE INVENTION 

The invendoQ relates generally to the field of digital 
computers, and more particularly to emulating a delayed 
excq>tion handling mechanism on a digital computer which 
has a precise excq>tion handling mechanism. 

B ACKCHtOUND OF THE INVENTION 

Digital computers process a variety of diverse types cf 
programs, with each program including a series of instnic- 
tions that enable the computer to perform specific operations 
in connection with spedfic dements of data. A variety of 
types of processors are available for use in digital computer 
systems, with each type of processor being constructed in 
accordance with an architecture which describes, inter alia, 
the set of instructions that a process<H^ constructed in accor- 
dance with the architecture is expected to execute, the 
foiinat(s) the various instructions, the types and fomoats 
of data which may be processed, definitions for various 
registers that may be used during instruction processing, 
how infc»mation in the computer's menH}ry will be accessed 
and how a processor constructed in acccrdanoe with the 
architecture is to handle excq>tion conditions which may be 
detected during instniction processing. 

It is often desirable to enable one type of processes', as an 
"emulated processor,** to be emulated by another type of 
processor, as a *1iost processor." A host processo- generally 
emulates an emulated processor by processing programs 
which have been written for the emulated processor, to 
generate an output that effectively corresponds to the ou^ut 
that would be generated by the emulated processor. 
Generally, emulation is accomplished by translating a pro- 
gram generated for eixecution by an emulated processor (an 
"original** program) into a program which may be processed 
by a host processor (a "^Iranslated** program). This transla- 
tion pocess may include, for example, generating from 
instructions and other elements of the cdginal program, 
instructions and other elements which are based on the host 
processor's architecture thereby to provide the translated 
prograra The translation may be performed by. for exan^le, 
the host processor itself, by another processor in the same 
computer system or by another computer system and made 
available to the host processor which is to process the 
program, under control of a translation program In perform- 
ing the translation, each instniction or sequences or various 
groups of instructions in the original program (that is. the 
program based on the emulated processor's architecture) 
may be translated into one or a series or group of instructions 
for processing by the host processor. The translation process 
is typically performed for all or selected portions of an 
original program when the processor b^ins processing the 
original program, although it will be a]>preciated that an 
instruction or group of instructions the c»iginal program 
may be translated as the processing proceeds. In addition, if 
the emulated processor* s data formats are not directly use- 
able by the host processor, the data may be processed to 
convert it from the emulated processor* s formats to formats 
usable by the host processor. 

As noted above, an architecture definition includes a 
descrq>tion of how a processor constructed in accordance 
with the architecture is to handle exception conditions which 
may be deteaed during instruction processing. TVo meth- 



8.211 

2 

odologies have been developed for handling exception con- 
ditions. In one methodology, which is representative of 
processors whose architectures specify a "delayed** cxcq>- 
tion handling model if an exception is detected during 

5 processing of an instruction, the excq)tioQ handler is not 
invoked until some point after the processor has sequenced 
to processing an instruction after die instruction for which 
the exception was indicated. For exanqtle, in connection 
with exception handling in the Intel Corporation x86 family 
of microprocessors, which currently includes its S086. 8088. 
80286, 80386. 80486 and "Pentium™** lines of 
microprocessors, if an exception condition is detected dur- 
ing processing of a floating point instruction, the micrc^my- 
cessor will not invoke the excqrtion handler foe that excq)- 
tion until the next floating point instmction is processed. 

15 One benefit of this methodology is that, if the miaoproces- 
sor does not prcK:ess another floating point instruction after 
the exception condition is detected, the exception condition 
will not need to be dealt with, and so the exception handler 
will not need to be invoked. However, the processor will 

20 generally need to ensure that ceitain exception status infcr- 
mation be retained, perhaps for some time, after the floating 
point instruction for which an exception condition is 
detected so that, if the exception handler is eventually 
invoked, it has the information which it needs to process the 

25 exception. 

On the other band, in a second methodology, which is 
representative of computers whose processors follow a 
"predse" exception handling model, if an exception condi- 
tion is detected during processing of an instruction, the 

30 exception handler is invoked immediately following opera- 
tions performed for the instruction. Certain inq^ementations 
of processors constructed in accordance with this method- 
ology include, fw exan^le. those constructed in accordance 
with the SPARC Version 9 architecture described in SPARC 

35 International. Inc (David L. Weaver and Tom Germond 
(eds)]. The SPARC Architecture Manual Version 9 (Ptentice- 
Hall. 1994) (hereinafter referred to as '*thc SPARC Archi- 
tecture Manual. Version 9**). One benefit of this methodol- 
ogy is that since the exception handler is processed 

40 inamediately after the processing of the instruction which 
gave rise to the exception condition, the exception staois 
information needed by the exception handler will be directly 
available and need not be saved beyond processing for flie 
program instruction which gave rise to the exception con- 

45 dition. However, the methodology will ensure that the 
processor will always process the exception handler, even if 
subsequent processing by the processor would not require 
that the exception condition be dealt with. 

A problem arises, however, if It is desired to enable a host 

50 processor which follows the '*precise** exception handling 
model to enuilate an emulated {vocessor N^ch follows the 
"delayed** exception handling modeL Since, as described 
above, a host processor which follows the precise exception 
handling nKxkl does not handle exceptions in a manner 

55 \^ch is similar to Ae manner in which exceptions are 
handled by an enmlated processor which follows the delayed 
exception handling model, it may be difficult to ensure that 
such a host processor will correctly emulate such an emu- 
lated processor. 

^ SUMMARY OF THE INVENTION 

The invention provides new and improved systems and 
methods for facilitating the enmlation of a delayed exception 
mechanism by a processor which has a corresponding pre- 
65 cise exception mecfaanisnL 

In brief summary, in one aspect the invention provides a 
digital cocqxitcr system comprising a precise exception 
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haDdiing processor and a control subsystem. The precise 
exception handling processor performs processing opera- 
tions under control of instructions. Tht precise exception 
handling processor is constructed in accordance with a 
precise exception handling model, in whicfa. if an exception 5 
condition is detected in connection with an instruction, the 
excq»tion condition is processed in connection with the 
instruction. The precise exception handling processor fur- 
ther includes a pending exception isdicatcdr having a pending 
excq>tioo indication state and a no pending exception indi- lo 
cation state. The control subsystem provides a scries of 
instiuctions to the precise exception handling processor to 
facilitate emulation of at least one uistnidion from an 
emulated program. Tlie emulated program is constructed to 
be processed by a delayed excqition handling processor 15 
which, in turn, is constructed in accordance with a delayed 
exception haodling model in which if an exception is 
detected during processing of an instruction, die exception 
condition is processed in connection with a subsequent 
instruction. The series of instructions provided by the con- 20 
trd subsystem, in emulation c£ the emulated program 
instruction, controls the j^cise exception handling proces- 
sor to 

(i) determine whether the pending excq>tion indicator is 

in the pending exception indication state and. if so. to ^ 
invoke a routine to process the pending exertion and 
condition the pending excq>tioQ indicator to the do 
pending exception indication state 

(ii) perform processing operations in acanrdance with the 
emulated j^ocessing instruction; and 

(iii) if an excq>tion condition is detected during the 
processing operatioos, to invoke an exception handler 
in accardance with the {vocessor's predse exception 
handling model to condition the pending excqition 
indicator to the pending exception indicatioD state, so 
that the excq>tion condition will be processed during 
(H-ocessing c^>erations for a subsequent emulated pro- 
gram instruction. 

If the control subsystem provides instructions to enable the ^ 
precise exception handling processor to perform these 
operations in connection with at least some of the instruc- 
tions from the emulated program, the precise exception 
handling processcnr will be enabled by fte instructions 
provided by the control subsystem: 

(a) to invoke an exception handler, in accordance with the 
precise exception handling processor's precise excep- 
tion handling model, when ian exception condition is 
indicated during processing of instructions provided for 

an emulated program instruction, to control the pending 50 
exception indicator to indicate the existence of a pend- 
ing exception condition (which operation is enabled by 
(iii) above), and 

(b) to (vocess the pending exception condition during 
processing of a subsequent emulated program instruc- 55 
tion (whicfa c^>eration is enabled by (1) above). 

thereby to emulate the delayed exception handling model of 
the delayed exception handling processor being emulated. 

In accordance with anotiier aspect, the invention provides 
translation system for generating at least one translated 60 
instruction in response to at least one emulated program 
instraction constructed to be processed by a delayed excqv 
tiOD handling processor which is constructed in accordance 
with a delayed exception handling model in which if an 
exception is detected during processing of an instruction, the 6S 
exception condition is f^ocessed in connection with a sub- 
sequent instruction, for processing by a precise exc^on 



handling processor constructed in accordance with a precise 
exception harKlling nnxlel in which, if an exception c<Hidi- 
tion is detected in connection with an instruction, the excep- 
tion condition is processed in connection with the 
instruction, the precise exception handling i^ocessor includ- 
ing a pending exception indicator having a pending excep- 
tion indication state and a no pending exception indication 
state. The at least one translated instruction controls the 
I^ecise exception handling processor to 

(i) determine whether the pending exception indicator is 
in the pending exception indication state and. if so. to 
invoke a pending exception processing routine to pro- 
cess die pending exception; 

(ii) perf am a fxocessing operation in accordance with the 
emulated |Hocessing instruction; and 

(iii) if an excqition condition is detected during the 
processing operation, to invoke an exc^on handler in 
accordance with die precise exception handling pro- 
cessor's precise exception handling iiKxiel to condition 
the pending exception indicator to the pending excep- 
tion indication state, so that the exception condition 
will be processed during a processing operation for a 
subsequent emulated program instruction. 

tf a series of such instruction arc provided to the precise 
exception handling processor, the precise excqition han- 
dling processes will be enabled: 

(a) to invoke an exception handler, in accc^dance with die 
precise exception handling processor's precise excep- 
tion handling model when an exception condition is 
indicated during processing of instructions provided for 
an emulated |n:ogram instruction, to control the pending 
exception indicator to indicate the existence of a pend- 
ing exception condition (which operation is enabled by 
(iii) above), and 

(b) to process the pending exception condition during 
(vocessing of a subsequent emulated program instruc- 
tion (whicfa operation is enabled by (i) above). 

thereby to emulate the delayed exception handling model of 
the processor being eimilated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Hiis invention is pointed out with particularity in the 
appended daims. The above and further advantages of this 
invention may be better understood by referring to the 
following description taken in conjunction with the accom- 
panying drawings, in whidi: 

FIG. 1 is a functional block diagram depicting a digital 
cotx^Hiter system constructed in accordaikce with die inven- 
tion; 

FIG. 2 is a flow diart dq>icting operations performed by 
the digital conqxxter system in connection whh translating 
instructions of an original program into a translated program 
in accordance with the invention; 

FIG. 3 is a flow chart depicting operations performed by 
the digital ccHoputex syston in connection with a first 
embodiment of the invention; aiul 

FIG. 4 is a flow chart depicting operations performed by 
the digital computer system in connection with a second 
embodiment of the invention. 

DETAILED DESCRffTION OF AN 
ILLUSTOATIVE ^IBODIMENT 

FIG. 1 is a functional block diagram of a digital conqwter 
system 10 constructed in accordance with the inventioiL 
With reference to FIG. 1. the digital computer system 1# 
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includes a microprocessor 11 which communicates with a 
memory subsystem 12 and one or more input/output sub- 
systems generally identified by reference numeral 13 
throu^ a memory management unit 14. The microprocessor 
11 processes programs, including an operating system and 5 
one or more application programs all of which oomfvise 
instructions, in accordance with data, with the instructions 
and data (which collectively will be rcfecred to herein as 
'InfoinatioD**) being stored in the memory subsystem 12, 
Typically, the microprocessor II will retrieve instructions 
and data from the memory subsystem 12 for processing, and 
will stcarc processed data in the mcmwy subsystem 12. The 
memory subsystem 12 includes a number of addressable 
storage locations in which informatioD to be processed by 
the microprocessor 11 may be stored, and in which the 
microprocessor 11 may store the processed data. 

The digital compter system 10 may include a number of 
diverse types of input/output subsystems 13, including mass 
storage subsystems, operator input and output subsystems, 
network ports and the like. The mass stcvage subsystems 20 
generally provide long-term storage for information which 
may be processed by the miaoprocessor 11. The mass 
storage subsystems may include such devices as disk or t^ 
subsystems, optical disk storage devices and CD-ROM 
devices in which information may be stored and/or from 25 
which information may be retrieved. One or more of the 
mass storage subsystems may utilize removable storage 
media which may be removed and installed by an operator, 
which may allow the operator to load programs and data into 
the digital computer system 10 and obtain processed data 30 
therefrom. Under control of control information provided 
thereto by the microprocessor U. information stored in the 
mass storage subsystems may be transfened to the memory 
subsystem 12 for storage. After the information is stored in 
tiie memory subsystem 12. the microprocessor 11 may 35 
retrieve it from the memory subsystem 12 for processing. 
After the processed data is generated, the microprocessor 11 
may also enable the mass storage subsystems to retrieve the 
processed data from the memory subsystem 12 for relatively 
long-term storage. 40 

The operator input and output subsystems generally pro- 
vide an operator interface to the digital conqHiter system 10. 
In paitictilar. the operator input subsystems may include, for 
example, keyboard and mouse devices, which an operator 
may use to interactively input information to the digital 45 
computer system 10 for processing. In addition, the operator 
input subsystems may provide mechanisms whereby the 
operator may control the digital computer system 10. The 
operator ou^Hit subsystems may include devices such as 
video display devices, through which the digital con9>uter so 
system 10. under control of the microprocessor 11. displays 
results of processing to the operator. In addition, a printer 
may be provided to provide a hardcopy output for the 
operator. 

The network ports may enable the digital con^uter sys- 55 
tern 10 to connect to a communication link, thereby con- 
necting the computer system 10 in a computer network. The 
network pons enable the computer system 10 to transmit 
information (including both program instructions and data) 
to. and receive information from, other computer systems 60 
and other devices in the network (not shown). In a typical 
network organized according to. for exan^e. the client- 
server paradigm, certain computer systems in Che netw<Hk 
are designated as servers, which store information for pro- 
cessing by the other, client computer systems, thereby to 63 
enable the client computer systems to conveniently share the 
information. A client conq>uter system which needs access 
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to information maintained by a particular server will enable 
the server to download the information to it over the 
network. After processing the data, the client computer 
system may also return the processed data to die server for 
stcH'age. In addition to computer systems (including the 
above-described servers and clients), a network may also 
include, for example, printers and facsimile devices, digital 
audio or video storage and distribution devices, and the like, 
which may be shared among the various computer systems 
connected in the network. The cormnunication links inter- 
connecting the computer systems in the network may. as is 
conventional, comprise any convenient information- 
carrying medium, including wires, c^tical fibers or other 
media for carrying signals among the computer systems. 
Con^>uter systems transfer information over the network by 
means of messages transferred over the conununication 
links, v^th each message including informatioD and an 
identifier identifying the device to receive the message. 

As is conventional, each of the input/output subsystems 
13 will typically include registers and other data storage 
elements (not shown) which store control, status and other 
information which are used to control the operations per- 
formed by the respective input/ou^ut subsystem 13 and to 
indicate its operational status. The microprocessor 11 may 
store infomoatioo in the registers and other data storage 
elements, thereby to control the respective input/output 
subsystem 13. in a manner similar to die manner io which it 
stores infOTmation in the nacmory subsystem 12. Similarly, 
the microprocessor 11 may retrieve the information con- 
tained in the ii^)ut/ou^ut subsystem 13, in a manner similar 
to the marmer in which it retrieves information in the 
memory subsystem 12. to ascertain the operational status of 
the respective input/output subsystem 13. 

The memory management unit 14 performs a number of 
operations. In particular, the memory management unit 14 
typically includes a memory cache, which caches informa- 
tion requested by the microprocessor 11 from the memory 
sutrsystem 12. In addition, as is typical, when the micropro- 
cessor 11 requests information to be retrieved from, for 
example, the memory subsystem 12. or provides processed 
data for storage in, for example. Che memory subsystem 12, 
the microprocessor 11 will provide an address in a virtual 
address space to the memory nunagement unit 14. The 
various ^>plication programs processed by the miaoproces- 
sor 11 may be provided with respective virtual address 
spaces. The virtual address ^>ace is divided into "pages. ^ 
each of which comprises a selected number of virtual 
addressable storage locations, with each virtual addressable 
stcvage location storing information. The pages of an appli- 
cation program*s virtual address space are normally stored 
on a mass storage subsystem, and the microprocessor 11 
enables individual ones of the pages to be copied to the 
memcHy subsystem 12 as they are needed during processing, 
and for those pages that are modified during processing the 
microprocessor 11 may enable them to be copied to the mass 
storage subsystem for long-term storage. 

Respective pages of a virtual address space may be 
compactly stored in physical locations in the memory sut>- 
system 12, which are identified by physical addresses, and in 
performing an access (^>cration in cormection with a par- 
tictilar virtual address space location (that is. a retrieval of 
information from or a storage of informatioa in a particular 
physical location) in response to a request from the micro- 
processor 11. the ntemory management unit 14 wOl perform 
a translation of the virtual address to obtain the physical 
address for use io performing the access operation in con- 
nection with the memory subsystem 12. In addition, the 
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iikenK>i7 JnAnfigemestumt 14mayperfomi$evci7dc^ and before initiatiDg processing opexatioiis in connection 

opentions. including checking to d^crmine wbctha- or not with the next instruction in the progrant Accordingly, the 

the page is in die naemony subsystem 12. whether ox^ not the microprocessor 11 features a **precise" exception handling 

plication program has pennission to access (that is. read model 

data from or write data into) the page, and whether or not the 5 Iq that same embodiinent. the microprocessor 11 is used 

requested page is a valid page in the virtual address space. io the digital con9>utcr system 10 in connection with emu- 

and the like. If the inem<H7 management unit 14 makes a lation of a micrcproccssor which features a ^delayed"* 

negative detemination in the checking operation, that is, if exception handling model One microprocessor family 

it detemunes, for exan^le, that the page is not in the whidi features such a delayed exception handling model is. 

memory subsystem 12, that the application program does jq for example, Intel Corporation's x86 family (which cur- 

not have the appropriate access pennission, or if it deter- rently includes its 8086. 8088. 80286, 80386. 80486 and 

mines that the requested page of the virtual address space "Pentium™" lines erf microprocessors). In a microfBt>cessor 

page is not a valid page in the application program's virtual which features a delayed cxceptioo handling model the 

address space, it may generate an ACCTESS FAULT micrc^ocessor during processing of an instruction for 

indication, which the microprocessor 11 may receive and which an EXC COND cxcq>tion condition has been gener- 

use in performing selected fault handling op«ations. ated will, for at least selected types of exception conditions. 

In one embodiment a microprocessor 11 useful in system record the fact that an EXC CX)ND exception condition 

10 conqirises a microprocessor constructed in accordance indication has been generated and during processing of a 

with die SPARC Version 9 architecture described in the seleaed subsequent instruction will invoke the exception 

SPARC Architecture Manual Version 9 . The microproces- 20 handler to process the pending excq>Cion condition, diat is. 

sor 11 generally includes a number of elements, including a the exception condition which was indicated for a previous 

register set 20. one or more functional units 21. a bus instruction. In connection with the aforementioned Intel x86 

interface 22 and a control circuit 23. Generally, under family of microprocessors, the delayed exception handling 

control of the control circuit 23. the has interface 22, model is used for specific types of instructions, in particular, 

cooperating with the memory management unit 14, retrieves 2s floating point instructions. Accordingly, when an EXC 

instructions and data from the memory subsystem 12 or data COND exoqition condition indication is generated by a 

storage elements maintained by particular input/output sub- microfrooessor of the x86 family during processing of a 

systems 13 for processing and loads the retrieved data into floating point instruction, the microprocessor stores an 

registers in the register set 20. Also under control of the exception pointer which ccanprises information relating to 

control circuit 23. the functional units 21 perform logical, 30 the exception condition, and invokes the exception handler 

integer and floating point arithnaetic, and other processing during processing of the next floating point instruction. The 

operations in connecti(xi with data which the control circuit cxc^on handler may use the previously-saved exception 

enables to be transfened thereto from the register set 20. pointer in its processing to identify the particular exception 

CO generate processed data which will be transfened to the condition or conditions to be processed, 

register stt 20 for storage. The control circuit 23 may also 35 The invention provides an arrangement whereby a 

enable the bus interface 22, also cooperating widi the microprocessor, sudi as micFQ|Hocessor 11, which features a 

memory management unit 14, to transfer processed data precise exception handlin g model, is enabled to emulate a 

from the register set 20 to (he memony subsystem 12 ot data microprocessor, such as a microprooesstx^ of the Intel x86 

storage elements maintained by particular input/ou^t sub- family, which features a delayed exception handling model, 

systems 13 for storage. 40 The microprocessor 11 which features the precise exception 

The operations performed by the microprocessor 11. handling model will be referred to herein as die "host*" 

under control of the control circuit 23, are controlled by microprocessor 11, and the microfvocessor which features 

program instructions, which contrcd the loading of data in the delayed excq>tion handling model will be referred to 

the register set 20. the operations perfcsmed by the func- herein as the '^emulated'* microprocessor. More specifically, 

tional units 21 and die transfer of data from the register set 45 the invention provides an arrangement which enables the 

20 to the memory subsystem 12 or the input/output devices host miaos^ocessor 11, while processing a translated** 
13 for sC<Rage. During processing of an instruction, depend- program 25 which is generated by a translation program 26, 
ing on the values of the particular data to be processed and to emulate operations perfonned by an emulated micropro- 
the particular operation to be perfonned, the functional unit cesser (not shown) in processing an "original** program 27 

21 may generate an EXC COND exception conditicm 50 that was written for the emulated microprocessor, and in 
indication, indicating that an exception condition has been particular enables the host microprooessor U to emulate the 
encountered during processing that requires furtha process- manner in which the emulated micrc^)rocessor handles ^ao- 
ing. A number of exception conditions are known in the art cessing in connection with floating point exception condi- 
induding. for example, generation of a zero, underflow or tions. 

oveiflow result during an integer or floating point operation. 55 In that <^)eration, the host microprocessor 11. in re^nse 

generation of a de-oormalized result during a floating point to an EXC COND exception condition indication being 

operation, and so foith. In response to generation of an EXC generated during processing of an instruction of the trans- 

COND exception condition indication, the control circuit 23 lated program 25. which is based on a floating point instnic- 

invokes an exception handler that detennines the nature of tion of the original program 27, will effectively record an 

the nception condition and the operations to be performed 60 indication that the exception condition indication had been 

in response thereto. generated, thereby to indicate that a pending floating point 

In one particular embodiment the microprocessor 11. in exception condition exists. While processing the instruction 

particular, die control circuit 23. receives the EXC COND 0€ group ci instructions of the translated j^ogram generated 

excqjtion condition indication frcan a functional unit 21 and . for a subsequent floating point instruction, if any, of the 

invokes a handler to fsocess it during or immediately after 65 c^iginal program 27, the microprocessor 11 will be enabled 

it completes operations for the instruction for which the to invoke a floating point excq>tion handler to im>cess the 

EXC COND exception condition indication was generated, pending floating point excq)tion. 
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These operadons are enabled by the translated program accessed by an appiicatioo program for the emulated micro- 
25. so that for each floating point instruction of the original processor or to an operating system for the emulated micro- 
program 27 to be emulated by the microprocessor 11 die processor. The registers in the emulated micrc^]fx>ce5Sor 
translation program provides oac or more instnictioos to: register set 30 would include, for exan^le. the emulated 

(i) enable the host microprocessor U to determine 5 microprocessor's general pun>ose register set 31, an exccp- 
whefttt a pending floating point condition exists, that ^on pointer store 32, which stores the exception pointers to 
is, to determine whether a floating point exception be used in connection with processing of the exception 
condition had been recorded for a previous floating handler as described above, and may also include the 
point instruction, and, if so. to enable the host miao^ emulated microprocessor's control and staUjs registers) 33. 
processor 11 to process the pending floating point w The host microprocessor 11 may maintain the emulated 
exception. These operations may be enabled in whole microiyoccssor register set 30 in its memory subsystem 12 
or in part by. for example, one or a scries of instructions or in its own register set 20. 

provided as part erf the translated program 25 by the ^ addition, in accordance witti one embodiment of flie 
translation program 26 for the floating point instruction invention, which will be described below in connection with 
of the original program 27, or as part of an exception 15 the flow chart in HG. 3, the host miaoprocessor 11 main- 
handler tfiat the host micrc^ocessor 11 may invoke tains a floating point exception flag 34 which wiU be used to 
such during processing* indicate that a pending fault condition exists. In FIG. 1. die 

(ii) enable the host micrq^roccssor 11 to perform the ^^^^l point exception flag 34 is shown as comprising part 
operations required for Ae floating point instruction of the host microprocessor 11. but it will be apprea^^^ 
from die original wogram 27; and it may compnse an clement maintamcd elsewhere in Ae 

..... . system 10, such as, for example, ttie emulated registers m 

(m) enable dje host miaoprocessor 11 to. if an cxcepUon ^j^^ emulated miaoprocessor register set 30. GcneraUy. the 

condiuon indicauon is generated durmg processing m ^^^^ nucroOTOccssor 11 will, in response to the generation of 

(a) above, to record the indicaUon. thereby to indicate ^ g^C COND cxcepUon condition indication by a fimc- 

that a pending floating point exception condition eju^^ ^ 21 ^ processing of one floating point 

In addition, the mstructions may enable the host micrc instruction, enable die setting of the floatingpoint exception 

processor 11 to store exception mfonnation(su«A as to^ ^ 34 ^^^^ ^^^^^^^ ^ ^ 

abov^escnbed excepQon pomter mfommtion) which ^^^^ exception condition, and the saving of infor- 

may be necessary to process the pending floalmg point ^ processing of the pending floating 

exception condiUon. The host microprocessor U per- 3^ exception condition. The information to be saved may 

fonos the operations in (m) m accordance widi its ^ example, the exception pointer store 32 in 

precise excepuon handbng model, in whidi case the ^Ui^d microprocessor register set 30. As described 

operauons may be enabled at least in part by an ^^o^^ j^e host miaoprocessor 11 is constructed according 

exception haiidl^ provided for the miaoprocessor 11 ^j^^ and so the setting 

Accordingly, it wdl be appreciated that such a transited 35 ^^^^ exception flag 34 and the saving of the 

program 25 as generated by the ttanslation program 26 information for later use may comprise opemtions enabled 

provides instructions to enable the host miax>processor 11: miooprocessor's >ecisc- exception handla in 

(a) in accordance with its (the host mia<^rocessor's) response to the generation of the EXC COND exception 
precise exception handling model, to record the fact condition indication. 

that an exception condition indication had been gener- 40 After the host microprocessor 11 sets the floating point 

ated during processing operations for one floating point exception flag 34 and saves the exception information, it will 

instruction for the original program, thereby to indicate then sequence to begin processing the instruction cm* scries of 

the existence of a pending floating point exception instructions of the translated program 25 which the transla- 

condition (which operation is enabled the instruction tion j^ogram 26 enables to be gcnaatcd for the next 

or series of instructions described in (iii) above), and 45 instruction of toe original program 27. At the beginning of 

(b) to process the pending floating point exception con- each instruction or series of instructions of the translated 
dition during processing of a subsequent floating point program 25. for emulation of each floating point instruction 
instruction for the original program (which operation is of the original program 27. the host microprocessor 11 
enabled by the instruction or series of instructions determiDesfromthe condition of the floating point exception 
described in (i) above). 50 flag 34 whether a pending floating point exception condition 

thereby to emulate the delayed exception handling model of exists, thereby to determine whether an exertion condition 
the micrc^>rocessor being emulated. indication was generated for the previous floating point 
The operations performed by the host miaoprocessor 11 instruction. If a pending floating point fault condition exists, 
in connection widi a translated program 25 will be described the translated program sequence will enable the miaopro- 
in coimection with the block diagram depicted in FIG. 1. 55 cesser 11 to invoke a routine to handle the pending floating 
widi FIG. 2, which contains a flow diagram useful in point exception condition, and thereafter proceed to opera- 
understanding the opaations perfonned by the host miao- tions for processing of the current floating point instruction 
processor 11 in connection with the translation program 26. for the original program. Accordingly, the translated pro- 
and with FIGS. 3 and 4, which contain flow charts which are gram enables the host miaoprocessor 11 to handle exception 
useful in understanding two embodiments of the invention. 60 conditions in a delayed manna, which is similar to the 
each of which illustrates a particular mechanism by which a manna in which the emulated miaof^ocessor handles 
pending floating point exception condition is indicated dur- exception conditions. 

ing processing by the miaoprocessor 11. More specifically, if host miaofnocessor 11 determines at 

With continued refaence to FIG. 1. the host miaopro- the beginning of operations for executing a floating point 

cesser 11 maintains an emulated miaoprocessor regista set 65 instruction that the floating point cxcq^tion flag 34 is set the 

30. which generally will include registers which would host miaoprocessor 11 invokes a handler to {H^ocess the 

reside in the emulated miaoprocessor and which may be floating point exception condition which is represented by 
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the exceptioo poimers previously saved in the exception 
points- store 32. The handler which is invoked at this point 
may constiaite the floating point exception handler which 
would normally be processed by the emulated 
microprocessor, which may be emulated by the host micro- 
processcM- U. Altcmativdy. the handler may constitute a 
routine which would normally be called by the host micro- 
processor to process excq)tion conditions of the type indi- 
cated by the cxcq>tion pointers previously saved in the 
excqytion pointer store 32. In either case, after processing 
the floating point exception handler, the host microprocessor 
11 will typically enaUe the operations required by the 
floating point instruction (that is. the floating point instruc- 
tion after the floating point instruction for which the EXC 
COND exception condition indication was generated). 

On the other hand, if the host niicropn)cessor 11 deter- 
mines at the beginning of the operations for executing a 
floating point instructioQ. that the floating point exception 
flag 34 is not set, no EXC COND exception condition 
indication was generated for the previous floating podnt 
instruction. In that case, the host microprocessor 11 will 
bypass the floating point exception handler and sequence 
directly to flie operations required by the floating point 
instruction. Thus, the host microprocessor 11. whidi fea- 
tures the precise exception handling model handles floating 
point exceptions whidi are indicated fci* a particular floating 
point instruction at the begiiming of processing of the next 
floating point instruction, in conformance with the delayed 
excepticHi handling model which is diaiacteristic of the 
emulated microprooesscH- which is being emulated by the 
host microprocesscH- 11, with the existence of pending float- 
ing point excq>tion condition for a previous floating point 
instruction being indicated by the condition of die floating 
point exception flag 34. 

In ooc embodiment, in which microprocessor 11 is con- 
structed in accordance with die SPARC Version 9 architec- 
ture described in the SPARC Architecture Manual. Version 
9. the floating point exception flag 34 may comprise, for 
exan^e. a *'floating point enable** flag, which may be 
conditioned to enable and disable a floating point functional 
unit in functional units 21. In addition, each floating point 
instruction in the original program 27 typically will be 
emulated by at least one floating point instruction in the 
translated program 25. In that embodiment, if a pending 
fault condition does not exist, the floating point enable flag 
will be set which enables operations by the floating point 
functional unit. On the other hand, if a pending fault 
condition exists, the floating point enable flag will be clear, 
which typically disables operations hy the floating point 
functional uiut (It will be appreciated that die condition of 
the floating point enaUe flag as described bmin corre- 
sponds to the c<Hi^lement of the condition of the floating 
point exc^ition flag 34 as described above.) In that case, if 
the floating point enable flag is dear when the host micro- 
processcH* 11 attempts to execute a floatingpoint Instruction, 
an exception indication is generated, and an exception 
handler will be invoked. The exception handler will, at tiiat 
point, process die pending floating point excq>ti(Hi. set the 
floating point enable flag and enable the host microfffocessor 
11 to resume processing of the floating point instruction. 

In accordance with the second embodiment of the 
invention, the host miGTOprocessor 11 also may make use oi 
the emulated miaoprocessor general purpose register set 31. 
emulation pointer store 32 artd control and status registers 33 
in emulating the emulated microfHOcessor. However, the 
host microprocessor 11 does not make use a floating podnt 
exception flag 34 shown in FIG. 1 to indicate wtiethcr a 
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pending floating point exception condition exists. Instead, in 
the second embodiment, the host miaoprocesscr 11 indi- 
cates whether a pending floating point exception condition 
exists by controlling the access pennissioa to a selected page 

5 of die virtual address ^ce for the currently-executing 
program, which page is otherwise not used for staring data 
or instructions to be processed. 

In particular, if dining processing of one or a series of 
instructions provided in the translated program 2S, for a 

10 floating point instruction in the original program 27. an 
exception indication is generated, the microprocessor 11 is 
enabled to stq> to one or a sequence of instructions to 
disable, for exano^le. write access to die page, thereby to 
indicate that a pending floating point exception condition 

15 exists. The instruction or series of instructions that are 
provided in the translated program 25, for each floating point 
instruction in the original program 27, will include a store 
instruction which enables the miaoprocessor 11 to attempt 
to store data in the page. If an access fault is not generated 

20 during processing dT the store instruction, the microproces- 
sor 11 will determine diat a pending floating point exception 
condition does not exist in which case it can proceed to 
process the following instructions in die translated i»ogram 
25, in particular to perform the qf)erations required to 

25 emulate the floating point instruction in the original program 
27. 

On the odier hand, if an access fault indication is gener- 
ated while processing the store instruction, the host micro- 
processor 11 will determine that a pending floating point 

30 exoq>tion condition exists. In that case, case the host micro- 
processor 11 can invoke an exception handle to process the 
pending floating point exception. During {vocessing of die 
exception handler, the miaoprocessor 11 can modify the 
access permissicm for the selected page to enable access 

35 thereto, thereby to erase the indication that a pending 
floating point exception condition exists. After die host 
microprocessor 11 has processed the exception handler, it 
can repeat the store instruction, which, since write access is 
now enabled, will complete without generation of an access 

40 fault indication. After die host microprocessor 11 has com- 
pleted processing of die stCH-e instruction, it can proceed to 
process the following instructions in the translated jH^ogram 
25. to peif cnn the operations required to emulate the floating 
point instruction in the original program 27. 

45 It will be appreciated diat die translation program 26 will 
provide the store instruction in the translated program in a 
location in which the host microprocessor 11 will execute it 
before any instruction which would require that the pending 
floating point exc^on condition be processed. 

so More specifically, when the selected page is established, 
all of the storage locations therein will be initialized to 
contain one or more predetermined values, such as ''zero.'* 
In accordance widi the second embodiment the host micro- 
processor 11. in response to the generation of an EXC 

55 COND exception condition indication by a functional unit 
21 during processing (tf a floating point instruction, will 
enable the memory management unit 14 to. in turn, control 
the access permission for the selected page so that an access 
fault indication will be generated if an attempt is made to 

60 store data in the page. The operations performed by die host 
micrc^ooessor 11 in enabling the memory management unit 
14 to control the write permission to the page nuy, in turn, 
be controlled by an exception handler which is invoked 
during processing of in accordance with die host micropro- 

65 cesser's precise excq>tion haiKlling modeL Thereafter, the 
host microprocessor 11 wiU sequence to begin processing of 
the next instruction. 
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Proximate to the beginning of the iostiuctioDS of the translated iHOgram 25 for a floating point instruction erf the 

translated {^ogram 25 for executing each floating point original program 27. With reference to FIG. 2, the transla- 

instruction of the ongiQai program 27, an instrucdon will be tion program 26 will initiaily enable the host microprocessor 

provided to enable the host miac^>rocesscr 11 to, in turn. H to retrieve an instruction of the original program 27 to be 

initiate a storage operation to store the selected value (such 5 translated (step 80). The translation program 26 will then 

as zffo) in a storage location in the selected page. If the ^^^^ microprocessor 11 to determine whether the 

memory management unit 14 dctennines that the translated ^tricved wiginal program instrurtion is a floating point 

program 25 has permission to store data in the selected page. instruOion (step 81). If a posiUve detenmnaUon is mad. in 

itv;411notgenerateanaccessfaultindicadon.in^^^ ^^P t^nslaUon program 26 wdl enaWe tiie host 

no pending floating point exception condition exists. In that lO ""^^^cessor U to provide one or more instrucUons to 

uu pcuumg uuuung cA^^cyuwu wiiiuuuu mm lu ^^^j^ micToprocessor 11 to determine whether a 

case, the host microprocessor 11 sequence to the insttuction point condition exists and, if so, to process 

or mstnicuons of the transUted program 25 generated for the con<Udon. Following step 82, or foUowing step 

floating point instrucuon of the ongmal program currently ^^^^ micrc^iTOcessor 11, under control of the 

being processed. translation program 26 determines that the retrieved original 

On the other hand, if the mcmoiy management unit 14 15 program inaction was not a floating point instruction, the 
determines thai the translated program 25 does not have translation program will provide one or more instruction(s) 
permission to store data in the selected page, the memory to enable the host micropit>cessor 11 to generate instructions 
management unit 14 will generate an access fault indication, to enable operations required for the retrieved original 
thereby indicating that a pending floating point exception program instruction to be performed (step 83). In addition, 
fault exists. In response to the access fault indication, the 20 the translation j^ograro 26 will provide that the host micro- 
host microprocessor 11 may initiate processing of the float- processor 11, when processing the translated program 25. if 
ing point exception handler using the excqjtioo pointer an exception condition indication is generated during pro- 
stored 32 in the emulated microprocessor register set 30. cessing of the instructions generated in step 83. will invoke 
After processing the floating point exception handler, the an exception handler to process the exception condition in 
host microprocessor 11 will sequence to enable the qxra- 25 accordance with its precise exception handling model (step 
tions required by the current floating point instruction (that 84). In fliat connection, if the instruction of the original 
is, flie floating point instruction after the floating point {^ogram 27 that was retrieved in step 80 was a floating point 
instruction for which the EXC COND exception condition instmction. the host microprooessor 11, when it invokes flie 
indication was generated). exception handler pending will record the exception condi- 

Thus, the host microprocesscH' 11. which features the 30 tion indication thereby to indicate that a pending floating 

precise exception handling model, handles floating point point exception condition exists, and may also store excep- 

excq)tions which are indicated for a particular floating point tion information (such as the above-described exception 

instruction at the begimiing of processing of the next floating pointer information) which may be necessary to process the 

point instruction, as required in the delayed exception han- pending floating point exception condition, 

dling model which is characteristic of the emulated micro- 35 As described above, the microprocessor 11 in one 

processor which is l>eing emulated by the host micrcpro- embodinaent is constructed in accordance with the SPARC 

cessor II, with the existence of pending floating point Version 9 architecture described in the SPARC Architecture 

exception condition for a previous floating point instruction Manual, Version 9 , aiKl the floating point exception flag 34 

being indicated by the accessibility of the selected page. comprises, the *^oating point enable** flag, which may be 

With this background, the operations performed by the 40 conditioned to enable and disable the floating point f^nc- 
host microprocessor 11 in connection with the respective tional unit in functional units 21. It will be ^^reciated that, 
embodiments will be described in connection with the flow if flie translation program 26, in step 83, enables the micro- 
charts depicted in FIGS. 2 through 4. The flow chart in HG. ju'cx^essor to provide at least one floating point instruction in 
2 depicts operations performed by, for cxan^le. host micro- the translated program 25 for each floating point instruction 
processor 11 under control of the translation program 26 in 45 in the original program, when the first translated program 
generating the instruction(5) for the translated program 25 floating point instruction is executed the host microproces* 
for a floating point instruction of the original program 27. sor 11 will efiectively test the condition of the floating point 
The flow charts in FIGS. 3 and 4 depict operations per- enable flag and thereby automatically determine whether a 
formed by the host microprooessor 11 under control of one pending floating point exception condition exists. In that 
or more instruction(s) of the translated program 25 gener- 50 case, the translation program 26 will not need to enable 
ated for a floating pcant instruction of the original instruction additional instructions to be f^ovided to test the floating 
27. FIG. 3 generally illustrates the operations performed point enable flag (reference step 82). and indeed will not 
under control of instruction(5) generated in connection with need to enable iht retrieved instruction (reference step 81) to 
the flrst embodiment, that is, the embodiment which uses the be tested to d^ermine whether it is an floating point instruc- 
floating point exception flag 34 to indicate the existence of 55 tion. 

a pending floating point exception condition. On the other In addition, it will be af^iredated that in that case, the 
hand, FIG. 4 generally illustrates the operations performed operations described in connection with step 82 in process- 
under control of instruction(s) generated in connection with ing the pending floating fK>int condition may be enabled by 
the second embodiment, that is. the embodiment which uses an excqition handler provided for the host microprocessor 
flie access permission for a selected page of the virtual 60 fcH* processing of the translated program. Further, the opera- 
address space to indicate the existence of a pending floating tions described in connection with step 84 to record the 
point excepcion condition. generated exception condition indication and exception 
FIG. 2 depicts operations performed by. for exaiz^le, host information may be enabled by an exception handler pro- 
microprocess(»^ 11 lor another microiH-ocesscv in digital vided for the host microprocessor 11 for processing of the 
computer system 10 (not shown), or another digital coni- 65 translated progranL 

puter system (also not shown)] under control of the trans- FIG. 3 generally illustrates the operations performed 

latioD program 26 in generating the instruction(s) far the under control of instruction(s) generated in connection with 
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the first embodiment, that is. the embodiment ^i^uch uses the exception condition indication has been generated, it will 

floating point exception flag 34 to indicate the existence of sequence to step 125 to make (he selected page inaccessible 

a pending floating point exception conditioii. With reference for storage operations, thereby to indicate the pending 

to FIG. 3. the host microprocesscr 11 will initially process floating point exception condition. Following step 125. or 

an instruction of the translated jH^ogram to determine 5 following step 124 if the host microprocessor 11 makes a 

whether the floating point cxcqytion flag 34 is set (st^ 101), negative deteiminatioo in that step, the host miaoproccssor 

whidi. in turn, indicates whether there is a pending floating 11 will proceed to processing of the instruction(s) of the 

point exception that was indicated during execution of a translated program 25 which for the next instruction of the 

previous floating point instruction of the (Higinal program original jHx>gram 27. 

27. If the host microprocessof 11 makes a positive determi- lO It will be appreciated that the invention provides a number 

nation in step 101. it invokes the floating point exception of advantages. In particular, it provides an arrangement 

handler to process the pending floating point exception (step whereby a miax)processor which features a **precise" cxccp- 

102) . tion handling model, will correctly emulate a microproces- 
Aftex the pending floating point excqjtion has been pro- sor which features a ^'delayed*' exception handling model for 

cessed (step 102). or following stq> 101 if the host micro- is use in handling exceptions in connection with floating point 

processor 11 detomines in that stq> that the floating point instructions, 

excq>tion flag 34 is not set (which, in turn, indicates that Although the inveotton has been described in connection 

there is no pending floating point exception), the micropro- with handling of exc^ons whidi are generated during 

cesser 11 processes one (»- more instniction(s) required to processing of floating point instructions, it will be appreci- 

perform the operations required for the floating point 20 ated that the invention may further be used in connection 

instruction of the original program being i^ocessed (step with handling of exceptions which are generated during a 

103) . At some point during the operations performed in myriad of other types of instructions, including, for 
connection with step 103. the functional units 21 which are example. Integer instructions, logical instructions and pro- 
enabled to actually perfonn the operations may generate an gram flow contrc^ instruction. In addition, although the 
EXC COND exception condition indication, which the host 25 invention has been described in connection with a system in 
microprocessor 11 will recognize in stq> 104. If the micro- which pending fault conditions generated during processing 
processor 11 determines in step 104 that an EXC COND of instructions of a particular type (such as a floating point 
excq)tion condition indication has been generated, it will instruction) are processed during processing of a subsequent 
sequence to step 105 to set the floating point exception flag instruction of the same type, it will be apf^edated that the 
34. thereby to indicate the pending floating point exception 30 pending fault conditions which are generated during pfo- 
condition. Following step 105. or following step 104 if the cessing of instructions of a particular type may be processed 
host microprocessor 11 makes a negative determination in during processing of a subsequent instruction of any type, 
that step, the host miaojEOcessor 11 will proceed to pro- Furthermore, although the invention has been described in 
cessing of the instructiott(s) d the translated program 25 terms of a host micioprooess(» 11 which makes use of a 
which for the next instruction of the original program 27. 35 floating poiat flag 34 to explicitly indicate the existence of 

FIG. 4 generally illustrates the operations performed a pending floating point exception condition, and an access 

under control of instruction(s) generated in connection widi fault indication to inq>licitly indicate the existence of a 

the second embodiment, that is. the embodiment which uses pending floating point exception condition, it will be appre- 

tfae access permission for a selected page of the virtual dated that numerous other mechanisms which may be 

address space to indicate the existence of a pending floating 40 accessed and controlled during processing of instructions of 

point exception condition. With reference to FIG. 4. the host the translated program 25 can be used to indicate the 

microintKessor 11 will initially process a store instmction of existence of a pending floating point exception condition, 

the translated program 25 to attempt to store data in a It will be appreciated that a number of variations and 

selected page of the virtual address ^ce and determine modifications may be made to the embodiment described 

whether the memory management unit 14 generates an 45 above in connection with FIGS. 1 through 3. For example, 

access fault indication (stq) 121). whidi. in turn, indicates while the host miaoprocessor 11 and memory management 

whether there is a pending floating point exception that was unit 14 have been depiaed in FIG. 1 as comprising separate 

indicated during execution of a previous floating point elements, with the memory management unit 14 communi- 

instruction of the original program 27. If the host micropro- eating with the microprocessor through the bus interface 22. 

cesser 11 makes a positive determination in step 121. it 50 it will be appreciated that the host microprocessor 11 and 

invokes the access fault exception handler to process the memory management unit 14 may conqirise a single dement 

pending floating point exception (step 122). integrated together on one <x more integrated circuit chips. 

After the peniting floating point exception has been pro- If the host microprocessor 11 and memory managenient unit 

cessed (step 122). or following step 121 if the host micro- 14 are integrated together, the bus interface 22 and memory 

processor 11 determines in that step that the memory man- 55 management unit 14 may. f(x exa^^)le. be unified into a 

agement unit 14 does not generate an access fault indication single element 

during the store operation («^ch, in turn, indicates th^ It will be further appitaaXed that the entire host micro- 
there is no pending floating point exception), the host processor 11. constructed in accordance with a sdected 
microprocessor 11 processes one or more instniction(s) architecture (sudi as the aforemcntionGd SPARC. Version 9 
required to perform the operations required for the floating 60 . architecture as described in the aforementioned SPARC 
point instruction of the original program being processed Architecture Manual. Vision 9) further including the 
(step 123). At some point during the operations performed in delayed excqAion emulation facility in accordance with the 
connection with step 123. the functional units 21 which are invention, may be emulated using a microprocessor of. for 
enabled to actually perform the operations may gcaioate an example, another architecture as provided with suitable 
EXC COND exception condition indication, which the host 65 emulation programs or microcode, 
microprocessor 11 will recognize in step 124. If the micro- Furthermore, it will be appreciated that a miaoproccssor 
processKH- 11 determine in step 124 that an EXC CX)ND 11 inchiding a delayed exception emulation facility in accor- 
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danoe with the inveatioD can be constnjcted io whole or in 
part from special purpose hardware or one or more prognun- 
coDtroUable devices which any portion of which may be 
coDtroUed by a suitable program. 

The fcHegoing dcscriplion has been limited to a specific 
embodiment of this invention. It will be a|^>areat however, 
diat various variations and modifications may be made to the 
invention, with the attainment of some or all of the advan- 
tages of the invention. It is the object of the appended claims 
to cover these and such other variations and modifications as 
come within the true spirit and scope of the invention. 

What is claimed as new and desired to be secured by 
Letters Patent of the United States is: 

1. A digital computer system comprising: 

A. a precise exception handling processor for performing 
processing C9>eratioQS under control of instructions, the 
processor being constructed in accordance with a pre- 
cise exception handling model in which, if an exception 
condition is detected in connection with an instruction, 
the exception condition is processed in connection with 
the instruction, the processor further including a pend- 
ing exception indicator having a pending exception 
indication state and a no pending exception indication 
state; and 

B. a control subsystem fc^ providing at least one instruc- 
tion to the precise excqjtion handling processor to 
facilitate emulation of an emulated program 
instruction, the emulated program instruction being 
constructed to be processed by a delayed exception 
handling processor which is constructed in accordance 
with a delayed exception handling model in which if 
an excq)tion is detected during processing of an 
instruction, the exception condition is processed in 
connection with a subsequent instruction, the instruc- 
tion provided by said control subsystem controlling 
said precise exception handling processor to 

i. determine whether the pending exception indicator is 
in the pending exception indication state and. if so. 
to invoice a pending exception processing routine to 
I^ocess the pending cxcq)tion; 
ii perform a processing operation in accordance with 

the emulated processing instruction; and 
iii. if an exception condition is detected during the 
processing operation, to invoke an exception handler 
in accordance with the processor's precise exception 
handling model to condition said pending exception 
indicator to said pending exception indication state, 
so diat the excqition condition will be processed 
during a processing operation for a subsequent emu- 
lated iHogram instructioa 
Z A digital computer system as defined in claim 1 in 
which the control subsystem further enables said precise 
excq)tion handling processor to. if it determines that Ae 
pending exception indicator is in tiie pending exception 
indication state, condition the pending exception indicator to 
the no pending excqjtion indication state. 

3. A digital computer system as defined in claim 1. in 
which said emulated program instruction is selected from a 
set of emulated program instructions which can be processed 
by said delayed exception handling processor, the set of 
emulated program instructions being divided into a plurality 
of types, and further in which the control subsystem pro- 
vides the instruction to control the precise exception han- 
dling processor as set forth in claim 1 in accordance with an 
emulated program instruction of a selected emulated pro- 
gram instruction type. 

4. A digital conqMiter system as defined in claim 3 in 
which instructions of said selected emulated program 
instruction type con^rise floating point instructions. 
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5. A digital computer system as defined in claim 1, in 
which the instruction provided by said control subsystem is 
selected from a set of instructions, which set is divided into 
a plurality of instruction types, and further in which said 

5 pending exertion indicator conqirises a flag having an 
enable state which corresponds to the no pending exception 
state and which enables the precise exception handling 
processor to execute instructions of a selected type and a 
disable condition which corresponds to the pending excep- 

10 tion state and which disables the precise exception handling 
processor from executing instructions of said selected type, 
the control subsystem providing at least one instruction of 
said selected type which enables the precise exception 
handling processor to test the flag and. if the flag is in the 

IS disable condition, invoke said pending exception processing 
routine. 

6. A digital co^^>uter system as defined in claim 5 in 
whidi instructions of said selected instruction type comprise 
floating point instructions. 

20 7. A digital computer system as defined in claim 1 further 
comprising a memMy for storing information for access by 
the precise exception handling processor controlled by at 
least one instruction of a selected type, access to at least a 
portion of said menaory being controllable in response to an 

25 access indicator having an access permitted state and a no 
access permitted state, the access indicator corresponding to 
the pending exception indicator such that the access permit- 
ted state corresponds to the no pending excq>tion state and 
the no access permitted state corresponds to the pending 

30 exception state, the control subsystem providing at least one 
instruction of said selected type which enables the precise 
exception handling processor to test the access indicator 
and. if the access indicator is in the no access permitted state, 
invoke said pending exception processing routine. 

35 8. A digital computer system as defined in claim 7 in 
which said memory is divided into pages, and in which said 
at least a portion of said memory ccMi^ses a selected one 
of said pages. 

9. A digital conq>uter system as defined in claim 7 in 
40 which said at least one instruction of a selected type com- 
prises a store instruction which enables the precise exception 
handling processor to perform a storage operation to store 
information in said memory. 

10. A control subsystem for use in connectioa with a 
45 precise exertion handling process<H'. the precise exception 

haiKUing processor perfcraiing processing operations under 
control of instructions, the precise exception handling pro- 
cessor being constructed in accordance with a precise exc^ 
tion handling model, in which, if an exception condition is 

50 detected in coimection with an instruction, the exception 
condition is iHTx:essed in connection with the instruction, the 
precise exception handling processor further including a 
pending exception indicator having a pending exception 
indication state and a no pending exception indication state. 

55 the control subsystem providing at least ot^ instruction to 
said precise exception handling i^ocessor to facilitate emu- 
lation of at least one enuilated j^ogram instruction, die 
emulated jxogram instruction being constructed to be pro- 
cessed by delayed exception handling processor whidi is 

60 constructed in accordance with a delayed exception handling 
model, in which if an exception is dcttAed during process- 
ing of an instruction, the exception condition is processed in 
connection with a subsequent instruction, the at least one 
instruction provided by said control subsystem controlling 

65 said precise exception handling processor to 

A. determine Aether the pending exception indicator is 
in the pending exception indication state and. if so. to 
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invoke a routine to process the pending exception and 
condition the pending exception indicator to said no 
pending exception indication state; 

B. perform a prxKessing operation in accordance with the 
emulated processing instruction; and $ 

C. if an excq>tion condition is detected during said 
processing operation, to invoke an exception handle in 
accordance with the precise exception handling pro- 
cesser's precise cxccfKion handling oKxIeJ to condition 
said pending exception indicator to said pending excep- jq 
tion indication state, so that the exception condition 
will be processed during a {Hocessing operation for a 
sut»sequent emulated program instruction. 

11. A control subsystem as defined in claim 10« &e control 
subsystem further enabling said precise exception handling 
processor to. if it determines that the pending excq)tioD ' 
indicator is in the pending exception indication state, con- 
dition the pending exception indicator to the no pending 
exception indication state, 

11 A control subsystem as defined in daim 10. in which 
said emulated program instruction is selected from a set (tf 
emulated program instnictioas which can be processed by 
said delayed exception handling processor, the set of emu- 
lated Ingram instruction^ being divided into a plurality of 
types, and further in which the control subsystem provides 
the instruction to control the precise excqjtion handling 25 
processor as set forth in claim 10 in accordance with an 
emulated program instruction of a selected emulated pro- 
gram instniction type. 

13. A control subsystem as defined in claim 12 in which 
instructions of said selected emulated program instruction 3Q 
type comprise floating point instructions. 

14. A control subsystem as defined in daim 10. in which 
the instruction provided by said control subsystem is 
selected from a set of instructions, which set is divided into 
a f^urality of instruction types, and further in which said 
pending excq^tion indicator conqsrises a flag having an 
enable state which cone^nds to the no pending exception 
state and which enables the precise exception handling 
processor to execute instructions of a selected type and a 
disable condition which conesponds to the pending excep- 
tion state and whid) disables the i»edse excepticm handling 40 
processor fi^om executing instructions of said selected type, 
the control subsystem providing at least one instruction of 
said selected type which enables the precise exception 
handling processor to test the flag and. if the flag is in the 
disable condition, invoke said pending exception processing 45 
routine. 

15. A control subsystem as defined in claim 14 in which 
instructions of said sdccted instruction type comprise float- 
ing point instructions. 

16. A control subsystem as defined in claim 10 further ^ 
comprising a memory for storing information for access by 
the predse exception handling processtM* controlled by at 
least one instruction of a sdected type, access to at least a 
paction of said memory being controllable in response to an 
access indicator having an access permitted state and a 00 
access permitted state, the access indicator corresponding to 
the pending exoqition indicator such that the access permit- 
ted state conesponds to the no pending exception state and 
the no access pomitted state corresponds to the pending 
exception state, the control subsystem providing at least one 
instruction of said sdected type which enables the predse 60 
exception handling processes to test the access indicator 
and. if the access indicator is in the no access permitted state, 
invoke said pending exception processing routine. 

17. A control subsystem as defined in claim 16 in which 
said memory is divided into pages, and in which said at least 6S 
a portion of said memory conqxises a selected one of said 
pages. 
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18. A control subsystem as defined in claim 16 in which 
said at least one instruction of a sdected type comprises a 
st(^e instruction wtiid) enables the predse exception han- 
dling processor to perform a storage operation to store 
information in said memory. 

19. An emulatioa program computer program product 
induding a computer readable medium for use in connection 
with a predse exception handling processor, the precise 
exception handling processcH' performing processing opera- 
tions under control of instructions, the predse excq)tion 
handling processor being constructed in accordance with a 
precise exception handling model in which, if an exception 
condition is detected in connection with an instruction, the 
exception condition is processed in connection with the 
instruction, the predse exception handling processor further 
induding a pending cxcq>tion indicator having a pending 
exception indication state and a no pending exception indi- 
cation state, the counter readable modium having encoded 
thereon at least one code device for controlling said precise 
exception handling processor to facilitate enuilation of at 
least one emulated i^ogram instruction, die enujlated pro- 
gram instruction being constructed to be processed by a 
delayed exception handling processor which is constructed 
in accordance with a delayed exception handling modd. in 
which if an exception is detected during processing of an 
instruction, the exception condition is processed in connec- 
tion with a subsequent instruction, the code device control- 
ling said predse exception handling processor to 

A. determine whether the pending exception indicator is 
in the pending exception indication state and. if so. to 
invoke a routine to process the pending excq)tion and 
condition the pending exception indicator to said no 
pending exception indication state; 

B. perform a processing operation in accordance with the 
emulated processing instruction; and 

C. if an exception condition is detected during said 
l^ocessing operation, to invoke an exception handler in 
accordance with the precise exception handling pro- 
cessor's precise exception handling model to condition 
said pending cxcq>tion indicator to said pending excep- 
tion indication state, so that the exception condition 
will be processed during the i^ocessing operation for a 
subsequent emulated program instruction. 

20. A emulation program conq>uter program product as 
defined in claim 19. the emulating program computer pro- 
gram product including at least one code device for con- 
trolling said precise exception handling processor to. if it 
determines that the pending exception indicator is in the 
pending exception indication state, condition the pending 
exception indicator to the no pending exception indication 
state. 

21. A emulation program computer program product as 
defined in claim 19. in which said emulated program instruc- 
tion is selected from a set of emulated program instmctions 
which can be processed by said delayed exception handling 
processor, the set of emulated program instructions being 
divided into a plurality of types, and further in which the 
emulation program computer program product includes at 
least one code device for controlling the precise exception 
handling processor as set forth in claim 19 in accordance 
with an emulated program instruction of a selected emulated 
program instruction type. 

22. A emulation program computer program product as 
defined in daim 21 in which instructions of said sdected 
emulated program instruction type are floating point instruc- 
tions. 

23. A emulation program compter program product as 
d^ned in daim 19, in wbk^ the code device con^Hising the 
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emulation program computer program product is selected 
from a set of code devices, whidi set is divided into a 
plurality of code device types, and further io which said 
pending exception indicator comprises a flag having an 
enable state which corresponds to the no pending exception 
state and which enables the precise exception handling 
processor to execute a code device of a selected type and a 
disable condition which corresponds to die pending excep- 
tion state and which disables the precise exception handling 
processor from executing a code device of said selected 
type, the emulation program computer program product 
providing at least one code device of said selected type 
which enables die precise excq)tion handling processor to 
test the flag and, if the flag is in Ae disable condition, invoke 
said pending exceptioo processiog routine. 

24. A emulation program computer program product as 
defined in daim 23 in which a code device of said selected 
instruction type comprises a floating point instruction. 

25. A emulation program computer program product as 
defined in claim 19 further comprising a memay fw storing 
information for access by the precise exception handling 
processor controlled by at least one code device of a selected 
type, access to at least a portion of said memory being 
controllable in response to an access indicator having an 
access permitted state and a oo access permitted state, the 
access indicator corresponding to the pending exception 
indicator sudi that the access permitted state corresponds to 
the no pending exception state and the no access permitted 
state corresponds to the pending exception state, the emu- 
lation program computer program product providing at least 
one code device of said selected type which enables the 
precise exception handling processor to test the access 
indicator and. if the access indicator is in the no access 
permitted state, invoke said pending exception processing 
routine. 

26. A emulation program computer program product as 
defined in claim 25 in which said memory is divided into 
pages, and in which said at least a portion of said memory 
comprises a selected one of said pages. 

27. A emulation program conq>utcr program product as 
defined in claim 25 in which said at least one code device <^ 
a selected type comprises a store instruction which enables 
the precise exception handling processor to perform a stor- 
age operation to store information in said memory. 

28. A method controlling a precise exception handling 
processor, the precise exception handling processor per- 
forming processing operations under control of instructions, 
the precise exception handling processor being constructed 
in accordance with a precise exception handling model, in 
which, if an exception condition is detected in connection 
with an instruction, the exception condition is processed in 
connection with the instruction, the pa'ecise exception han- 
dling processor further being provided with a pending 
cxcq>tion indicator having a pending exception indication 
state and a no pending excq>tion indication state, the method 
comprising a series of steps, enabled by at least one 
instruction, for enabling said precise exception handling 
processor to emulate at least one emulated program 
instruction, the emulated program instruction bdng con- 
structed to t>e processed by a delayed exception handling 
processor which is constructed in accordance with a delayed 
exertion handling model, in which if an exception is 
detected during processing of an instruction, the exception 
condition is processed in connection with a subsequent 
instruction, the instruction controlling said precise exception 
handling processor to 

A. determine whether die pending exception indicatCH* is 
in the pending exception indication state and, if so, to 
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invoke a routine to process the pending exertion and 
condition the pending exception indicator to said no 
pending exception indication state; 
B. perform a processing <^>eration in accordance with the 
s emulated processing instruction; and 

C if an exception condition is detected during said 
processing operation, to invoke an exception handler in 
accordance with the precise exception handling pro- 
cessor's precise exception handling model to condition 
10 said pending exception indicat(H^ to said pending excep- 
tion indication state, so that the exception condition 
will be processed during the processing operation for a 
subsequent emulated program instruction. 
29. A method as defined in claim 28. die method fimher 
IS including the step of enabling said precise exception han- 
dling processor to, if it determines that the pending excep- 
tion indicator is in the pending exception indication state, 
condition the pending exception indicator to the no pending 
exception indication state. 
20 30. A method as defined in claim 28, in which said 
emulated program instruction is selected from a set of 
emulated program instructions which can be processed by 
said delayed exception handling (socessor. the set of emu- 
lated program instructions being divided into a plurality of 
25 types, and further in which the method includes the step of 
providing the instruction to control the precise exception 
handling processor as set forth in claim 27 in accordance 
with an emulated program instruction of a selected emulated 
program instmcdon type. 
30 31. A method as defined io claim 30 in which instructions 
of said selected emulated program instruction type comprise 
floating point instructions. 

32. A method as defined in claim 28. in which the 
instruction provided to said precise excq>tion handling 

35 processor is selected from a set of instructions, which set is 
divided into a plurality ci instruction types, and further in 
which said pending exception indicator con^ses a flag 
having an enable state which corresponds to the do pending 
exception state and which enables the precise exception 

40 handling processor to execute instructions of a selected type 
and a disable condition which corresponds to the pending 
exception state and which disables the precise exception 
handling processor from executing instructions of said 
selected type, the method including the step of providing at 

45 least one instruction of said selected type which enables the 
precise cxcq)tion handling processor to test the flag and. if 
the flag is in the disable condition, invoke said pending 
exception processing routine. 

33. A method as defined in daim 32 in which instructions 
50 of said selected instruction type comprise floating point 

instructions. 

34. A method as defined in daim 28 further con^rising a 
memory for storing infonnation for access by the precise 
exception handling processor controlled by at least one 

55 instruction of a selected type, access to at least a portion of 
said memory being controllable in response to an access 
indicator having an access permitted state and a no access 
permitted state, the access indicator corresponding to the 
pending exception iiKlicator such that the access permitted 

60 state corresponds to the no pending exception state and the 
no access peiinitted state coocsponds to the pending excep- 
tion state, the method iiKduding the step of providing at least 
one instruction of said sdected type which enables the 
precise exception handling {vocessor to test the access 

65 indicator and. if the access indicator is in the no access 
permitted state, invoke said pending exception processing 
routine. 
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35. A method as defined in claim 34 in which said memory 
is divided into pages, and in which said at least a portion of 
said memory comprises a selected one of said pages. 

36. A method as defined in claim 34 in which said at least 
one instruction of a selected type ccmiprises a store instruc- 
tioD which eoahles the precise exception handling processor 
to perform a storage operation to store information in said 
memory. 

37. A translation system for generating, in response to at 
least one emulated program instruction constructed to be 
processed by a delayed exception handling processor which 
is constructed in accordance with a delayed exoepdon han- 
dling modeL in which if an exception is detected during 
processing of an instruction, the excq)tioo condition is 
processed in connection with a subsequent instruction. fcH- 
processing by a precise exception handling processor con- 
structed in accordance with a precise exception handling 
model in which, if an exception condition is detected in 
connection with an instniction. the exception condition is 
processed in connection with the instruction, the precise 
exc^on handling processor including a pending exception 
indicator having a peiKling exception indication state and a 
no pending exception indication state, the translation system 
Including a translated program instruction generator for 
generating, in response to said at least one emulated 
instruction, at least one instructioD for controlling said 
precise exception handling processor to 

A. determine whether die pending exception indicator is 
in the pending exception indication state and, if so. to 
invoke a pending exception {accessing routine to pro- 
cess the pending exception; 

B. perform a processing operation in accordance with the 
emulated processing instruction; and 

C. if an exception condition is detected during the pro- 
cessing operation, to invoke an exception handler in 
accordance with the precise exception handling pro- 
cessor's precise excq>tion handling model to condition 
said pending exception indicator to said pending excep- 
tion indication state, so Aat the exception condition 
will be processed during a processing operation for a 
subsequent emulated program instruction. 

38. A translation system as defined in claim 37 in which 
the at least one instruction finther enables said precise 
exception handling processor to. if it determines that the 
pending exception indicator is in the pending exception 
indication state, condition the pending exce^^on indicator to 
tiie no pending exception indication state. 

39. A translation system as defined in claim 37, in which 
said emulated program instruction is selected from a s^ of 
emulated program instructions which can be processed by 
said delayed excq)tion handling processor, the set of emu- 
lated program instructions being divided into a plurality of 
types, and further in which (he at least one instruction 
controls the precise exertion handling processor as set fortii 
in daim 36 in accordance widi an emulflted program instruc- 
tion of a selected emulated program instruction type. 

40. A translation system as defined in claim 39 in which 
instructions of said selected emulated program instruction 
type comprise floating point instructions. 

41. A translation system as defined in claim 37, in which 
the at least one instruction is selected from a set of 
instructions, which set is divided into a plurality of instruc- 
tion types, and further in which said pending exception 
indicator oon:q}rises a flag having an enable state which 
ccnresponds to the no pending exception state and which 
enables the pffccise exception handling processor to execute 
instructions of a selected type and a disable ccHidition which 
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corresponds to the pending exception state and which dis- 
ables the precise excq>tion handling processor &om execut- 
ing instructions of said selected type, the at least one 
instruction of said selected type enabling the precise exoqv 
5 tion handling processor to test the flag and. if the flag is in 
the disable condition, invoke said pending excq)tion pro- 
cessing routine. 

42. A translation system as defined in claim 41 in which 
instructions of said selected instruction type comprise float- 

10 ing point instructions. 

43. A translation system as defined in claim 38 further 
comprising a memory for storing information fcH- access by 
the precise exception handling processor controlled by at 
least one instruction of a selected type, access to at least a 

15 portion of said memory being controllable in response to an 
access indicat<»' having an access permitted state and a no 
access permitted state, die access indicator corresponding to 
the pending exception indicator such that the access permit- 
ted state corresponds to die no pending excq>tion state and 

20 the rK> access permitted state corresponds to the pending 
exception state, tht at least one instruction of said selected 
type enabling the predse exception handling processes' to 
test the access indicator and. if the access indicator is in the 
no access permitted state, invoke said pending exception 

25 processing routine. 

44. A translation system as defined in claim 43 in which 
said memory is divided into pages, and in which said at least 
a portion of said memory comprises a selected one of said 
pages. 

30 45. A translation system as defined in claim 43 in which 
said at least one instruction of a selected type con^)rises a 
stCH-e instruction which enables die precise exc^on han- 
dling processor to perform a storage operation to store 
information in said memory. 

35 46. A translation system for generating, in response to at 
least one emulated program instruction constructed to be 
processed by a delayed excq>tion handling processor which 
is constructed in accordance widi a delayed exception han- 
dling model, in which if an excq)tion is detected during 

40 processing of an instruction, the exception condition is 
processed in connection with a subsequent instructiorL at 
least one instruction for processing by a precise exception 
handling processor constructed in accordance with a precise 
exception tumdling model in which, if an exception condi- 

45 tion is detected in connection with an instruction, the excep- 
tion condition is processed in connection with the 
instruction, the precise exception handling processor includ- 
ing a pending exception indicator having a pending excep- 
tion indication state and a no pending exception indication 

50 state, the translation system including 

A. a translating processor, and 

B. a translated program instruction generation control for 
controlling said translating processor to generate, in 
response to said at least one emulated instruction, said 

5$ at least one instruction controlling said i^ecise excep- 
tion handling processor to 

i. determine wb^ber tfie pending exception indicator is 
in the pending exception indication state and, if so. 
to inv(^ a perxiing exception processing routine to 
60 process the pending exception; 

ii perform a processing operation in accordance with 
die rmnlatrd processing instruction; and 

iiL if an exception condition is detected during the 
processing elation, to invoke an exception harMller 
65 in accordance with the processor's precise exception 

handling model to condition said pending exception 
indicatcH- to said pending exception indication state. 



08/22/2003, EAST Version: 1.04.0000 



5.778.211 

25 26 

SO &at the accq>tion conditioD will be processed generate, in response to at least one emulated program 

during a processing operation for a subsequent emu- instruction constructed to be processed by a delayed cxccp- 

laied program iostrtiction. tion handling processor which is constructed in accordance 

47. A translation system as defined in claim 46 in whidi wilh a delayed excq)tion handling modcL in which if an 
the translated program instruction generation control further 5 exception is detected duringprocessingofaninstnjction, the 
controls said translating processor to generate the at least cxcq)tion condition is processed in connection with a sub- 
one instruction to further enable said precise exception sequent instruction, at least one instrurtion for processing by 
handling processor to. if it determines that the pending a prease «ccpUonhandlmg processor 

exception indicator is in the pending exception indicaUon ^ pn^se cxccpuon han^ model m whidi. if 

7^ ^. J- *• '^1^* * .u an exception condition is detected in connection with an 

state, condition the pendmg exception mdicator to the no lo -^^"^^ ^^^^on is processed in connec- 

pending excepUon mdication ^ instruction, the precise exception handling 

48. A translation system as defined in daim 46. m which ^^^^ including a pending exception indicator having a 
said emulated program instruction is selected from a srt of pending cxcq)iion indication sutc and a no pending exccp- 
emulatcd program instnictions which can be processed by indication state, the at least one instruction for control- 
said delayed cxcqjlion handling processor, the set of emu- 15 li^g said precise exception handling processor to 

lated program instructions being divided into a plurality of ^ determine whrther the pending exception indicator is 

types, and further in which the at least one instruction the pending exception indication stale and, if so. to 

controls the precise exception handling processor as set forth invoke a pending exception processing routine lo pro- 

in daim 45 in accordance with an emulated program instruc- cess the pending exception; 

tion of a selected emulated program instruction type. 20 b. perform a processing operation in accordance with the 

49. A translation system as defined in claim 48 in which emulated f»:ocessing instruction; and 

instructions of said selected emulated program instruction C. if an exception condition is detected during the pro- 
type comprise floating point instructions. cessing operation, to invoke an exception handler in 

50. A translation system as defined in daim 46. in which accordance with the {HX>cessor*s precise excq>tion han- 
the at least one instruction is sdectcd from a set of 2S dling model to condition said pending exception indi- 
instiuctions. which set is divided into a plurality of instruc- cator to said pending exception indication state, so that 
don types, and further in which said pending exception the exception condition will be processed during a 
indicator con^scs a flag having an enable state which processing operation for a subsequent emulated pro- 
corresponds to the no pending exception state and which gram instruction. 

enables the predse excq)tion handling processor to execute 30 56. A translated program instruction generation control 

instructions of a sdected type and a disable condition which subsystem as defined in claim 55 further controlling said 

corresponds to the pending exception state and which dis- translating processor to fimhcr enable said predse excej^on 

ables the predse exception handling processor from cxecut- handling processor to, if U detoimnes that the pendmg 

ing instructions of said sdected type, the at least one ^^fP*'^" ^'^^^ "1 P^^^ exception indication 

r^f.^tA -.*«Ki?«« fK* State, condition the pendmg cxcq)tion indicator to the no 

mstruction of said selected tyi^ enab^^^ 35 pending exception uScation staS. 

uon handhng processor to test the flag and, if the flag is m % instruction generation control 

the disable condition, invoke said pendmg excepUon pro- subsystem as defin^ in daim 55, in whidi said emulated 

ccssmg routme. program instruction is selected from a set of emubted 

51. A translation system as defined in claim SO in which program instructions which can be processed by said 
instructions of said selected instruction type comprise float- 40 delayed exception handling processor, the set of emulated 
ing point instructions. |H-ogram instructions bdng divided into a plurality of types. 

52. A translation system as defined in claim 46 further and further in whidi the at least one instruction controls the 
conqxising a memory for storing information f(x access by precise exception handling processor as set forth in claim 55 
the predse exception handling processor controlled by at in accordance with an emulated program insDuction of a 
least one instruction of a selected type, access to at least a 45 sdected emulated program instruction type. 

portion of said memory being controllable in response to an 58. A translated program instruction generation control 

access indicator having an access permitted state and a no subsystem as defined in daim 57 in which instructions of 

access permitted state, the access indicator corresponding to said sdected emulated program instruction type conqjrise 

the pending exception indicator such that tiic access permit- floating point instructions, 

ted state corresponds to the no pending exception state and 50 59. A translated program insCruction generation contrcH 

the no access permitted state corresponds to the pending subsystem as defined m daim 55, m which the at least one 

exception state, the at least one instruction of said selected l,'!^^?" *^f^ ? ^ of instructions, w^ch set is 

type enabling the predse exception handling processor to ^ P^^^ mstruction types, and furth^ m 

teethe acassindi^tor and, if fte access in(U^^ ^1?*^.^ ^^^^^i'!!^^ 'i'! 

. . , . , . . „ having an enable state which corresponds to the no pending 

no access penmtted state, mvokc said pendmg exception 55 ^^^^^^ enables the predse ex^ption 

prwessing routine. handling processor to execute instructions of a selected type 

53. A translation system as defined in claun 52 m which 3 disable condition whidi corresponds to the pending 
said memory is divided into pages, and in which said at least exception state and which disables the predse exception 
a portion of said memory comprises a selected one of said handling processor from executing instructions of said 
pages. . . . . ^ selected type, the at least one instruction of said sdected 

54. A translation system as defined in claim 52 in which type enabling the precise exception handling processor to 
said at least one instruction of a selected type comprises a test the flag and* if the flag is in the disable condition, invoke 
store instruction which enables the precise excq>tion han- said poiding excqtion processing routine. 

dling processor to perform a storage operation to store 60. A translated program instmction generation control 

information in said memcHy. 65 subsystem as defined in claim 59 in which instructions of 

55. A translated program instruction generation control said selected instruoion type comprise floating point 
subsystem for controlling a translating processor to instructions. 
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61. A translated program iiistnictioo generation control 
subsystem as defined in claim 55 fuither conqxising a 
memory for stcoing information for access by the precise 
exception handling processor controlled by at least one 
instruction of a selected type, access to at least a portion oi 
said mcnKHy being controllable in response to an access 
indicator having an access pennicted state and a oo access 
permitted state, the access indicator corresponding to the 
pending exception indicator such that the access pcnnitted 
state coirespoods to the no pending excqition state and the 
DO access permitted state corresponds to the pending excep- 
tion state, the at least one instruction of said selected type 
enabling the precise exception handling processor to test the 
access indicate and. if the access indicator is in the no 
access pcnnitted state, invoke said pending exception ^o- 
cessing routine. 

62. A translated program instruction generaticMi control 
subsystem as dc&ncil in claim 61 in which said memory is 
divided into pages, and in which said at least a portion of 
said memory con^srises a selected one of said pages. 

63. A translated program instruction generation control 
subsystem as defined in claim 61 in whidi said at least one 
instruction of a selected type con^ses a store instruction 
which enables the precise excq)tion handling processor to 
perform a storage operation to store information in said 
memory. 

64. A translated program instruction generation control 
computer program product oonq>rising computer readable 
medium having code device thereon for controlling a trans- 
lating processor to generate, in response to at least one 
emulated program instniction constructed to be processed by 
a delayed excq>tioD handling processor which is constructed 
in accordance with a delayed exception handling model, in 
which if an exception is detected during processing of an 
instruction, the exception condition is processed in connec- 
tion with a subsequent instruction, at least one instruction for 
processing by a precise exception handling processor con- 
structed in accordance with a precise exception handling 
model in which, if an exception condition is detected in 
connection with an instruction, the excq>tioD condition is 
processed in connectioD with ttie instruction, the precise 
excq>tioo handling processor including a pending exception 
indicator having a pending exception indication state and a 
no pending exception indication state, the at least one 
instniction controlling said precise exception handling pro- 
cessor to 

A. determine whether the pending exception indicator is 
in the pending exception indication state and. if so. to 
invoke a pending exception processing routine to pro- 
cess the pending exception; 

B. perform a processing operation in accordance with the 
emulated processing instruction; and 

C. if an exception condition is detected during the pro- 
cessing operation, to invoke an excq>tion handler in 
accordance with the processor's precise excqition han- 
dling model to condition said pending exception indi- 
cator to said pending exception indication state, so that 
the exception condition will be processed during a 
processing operation for a subsequ^t emulated pro- 
gram instruction. 

65. A translated program instruction generation control 
coiDputer program product as defined in claim 64 further 
comprises code devices for controlling said translating pro- 
cessor to generate the at least one instructioD to further 
enat>le said precise exception handling processor to, if it 
determines that the pending exception indicator is in the 
pending exception indication state, condition the pending 
exception indicatcH* to the no pending exception indication 
state. 
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66. A translated program instruction generation control 
computer program product as defined in claim 64. in which 
said emulated program instruction is selected from a set of 
emulated program instructions which can be processed by 

3 said delayed exception handling processor, the set of emu- 
lated program instructions t>eing divided into a plurality of 
types, and further in which the at least one instruction 
controls the precise exception handling processor as set forth 
in claim 64 in accordance with an emulated program instruc- 

10 tion of a selected emulated program instruction type. 

67. A translated program instruction generation control 
conqHiter program product as defined in daim 66 in which 
instructions of said selected emulated program instruction 
type comprise floating point instructions. 

15 68. A translated program instruction generation control 
computer program product as defined in claim 64. in which 
the at least <Hie instruction is selected from a set of 
instructions, which set is divided into a plurality of instruc- 
tion types, and further in which said pending exception 

20 indicator oonquises a flag having an enable state which 
cocresponds to the no pending exception state and which 
enables die precise exception handling processor to execute 
instructions of a selected type and a disable condition which 
corresponds to the pending excq}tion state and which dis- 

25 ables the i^edse excq)tion handling processor from execut- 
ing instructions of said selected type, the at least one 
instruction of said selected type enabling the precise excep- 
tion handling processor to test the flag and, if the flag is in 
the disable condition, invoke said pending excq>tion pro- 

30 cessing routine. 

69. A translated program instruction generation control 
conq>uter program product as defined in claim 68 in which 
instructions of said selected instruction type con^irise float- 
ing point instructions. 

35 70. A translated program instruction generation control 
computer program product as defined in claim 64 further 
conqxrising a memory for storing information for access by 
the {»ecise exception handling processor controlled by at 
least one instruction of a selected type, access to at least a 

40 portion of said memory being controllable in response to an 
access indicator having an access permitted state and a no 
access pcnnitted state, the access indicator corresponding to 
the pending exception indicator such that the access permit- 
ted state corresponds to the no pending exception state and 

45 the no access permitted state corresponds to the pending 
exoei^on state, the at least one instruction of said selected 
type enabling the piecise cxctpdon handling processor to 
test the access indicator and. if the access indicator is in the 
no access permitted state, invoke said pending exception 

SO processing routii>e. 

71. A translated program instruction generation control 
con^uter program product as defined in daim 70 in which 
said memory is divided into pages, and in which said at least 
a portion of said memory comprises a selected one of said 

55 pages. 

71 A translated program instruction generation control 
computer program product as defined in daim 70 in which 
said at least one instruction of a sdected type conqnises a 
store instruction which enables the precise exc^oo han- 

60 dling processor to perform a storage operation to store 
information in said raaaxxy, 

73. A translation method for controlling a translating 
processor to generating, in response to at least one emulated 
program instruction constructed to be processed by a 

65 delayed excqidon handling processor which is constnicted 
in accordance with a delayed exception handling modd in 
which if an exception is detected during processing of an 
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LDstnictioQ. the excq)tioo condition is processed in connec- 
tion with a subsequent instruction, at least one instniction for 
processing by a precise exception handling processor con- 
structed in accordance with a precise exception handling 
model in which, if an exception condition is detected in 
connection with an instruction, the exception condition is 
processed in connection with the instruction, the processor 
including a pending exception indicato' having a pending 
exertion indication state and a no pending exception indi- 
cation state, the translation niethod enabling said translating 
processor to generate, in response to said at least one 
emulated instruction, said at least one instruction controlling 
said precise exception handling processor to perform the 
steps of 

A. retrieving said at least one emulated program instnic- 
tion; and 

B. generating said instruction for controlling said precise 
exception handling processor to 

i. determine whether the pending exception indicator is 
in the pending exception indication state and, if so. 
to invoke a pending exception processing routine to 
process the pending exception; 

ii. perform a processing operation in accordance witii 
the emulated processing instruction; and 

ii. if an exertion condition is detected during the 
processing operation, to invoke an exception handler 
in accordance with the processor's precise exception 
handling model to condition said pending exception 
indicator to said pending exception indication state, 
so that the exc^on condition will be j^ocessed 
during a processing operation for a subsequeat emu- 
lated program instruction. 

74. A translation method as defined in claim 73 in which 
the at least one instruction further enables said precise 
exception handling processor to, if it determines that the 
pending exception indicator is in the pending exception 
indication state, condition the pending exception Indicator to 
the no pending exception indication state. 

75. A translation method as defined in claim 73, in which 
said emulated i^ogram instruction is selected from a set of 
emulated program instructions which can be processed by 
said delayed exception handling processor, the set of emu- 
lated program instructions being divided into a plurality of 
types, and further in which the at least one instruction 
controls the precise exception handling processor as set forth 
in claim 73 in accordance with an emulated program instruc- 
tion of a selected emulated program instruction type. 

76. A translation method as defined in claim 75 in which 
instructions of said selected emulated program instruction 
type comprise floating point instructions. 

77. A translation rn^od as defined in claim 73. in which 
(he at least one instruction is selected fi-om a set of 
instructions, which set is divided into a plurality of instruc- 
tion types, and further in whidi said pending exception 
indicator comprises a flag having an enable state which 
corresponds to the no pending exception state and which 
enables the precise exception handling processor to execute 
instructions of a selected type and a disable condition which 
corresponds to the pending exception state and whidi dis- 
ables die precise excq>tion handling processor from execut- 
ing instructions of said selected type, the at least one 
instruction of said selected type enabling the precise excep- 
tion handling processor to test the flag and, if the flag is in 
the disable condition, invoke said pending exception pro- 
cessing routine. 

78. A translation method as defined in daim 75 in which 
instructions of said selected emulated program instruction 
type comprise floating point instructions. 



^8,211 

30 

79. A translation method as defined in claim 77. the 
precise excq)tion handling processor furtho* con^rising a 
mem(Ky for storing information for access by the precise 
exception handling processor controlled by at least one 

3 instruction of a selected type, access to at least a portion of 
said memory being controllable in response to an access 
indicator having an access permitted state and a no access 
permitted state, the access indicator corresponding to the 
pending excq>tion indicator such that the access permitted 

,Q state corresponds to the no pending exception state and the 
no access permiaed state corresponds to the pending excep- 
tion state, the at least one instruction of said selected type 
enabling the precise cxcq)tion handling processor to test the 
access indicator and. if the access indicator is in the no 

J 3 access permitted state, invoke said pending excq>tion pro- 
cessing routine. 

80. A translation method as defined in daim 79 in which 
said memory is divided into pages, and in which said at least 
a portion of said memory comprises a selected one of said 

20 P^8^5' 

81. A translation method as defined in daim 79 in whidi 
said at least one instruction of a sdected type comjwises a 
store instruction which enables the precise exertion han- 
dling processor to perform a storage (^>eration to store 

25 information in said memory. 

82. A method of controlling a predse exception handling 
processor, the predse exception handling processor per- 
forming processing operations under control of instructions, 
the predse excq)tion handling processor bdng constructed 

3Q in accordance with a precise exception handling model, in 
which, if an exception condition is detected in connection 
with an instruction, the exception condition is processed in 
connection with the instruction, the precise exception han- 
dling processor further being provided with a pending 

35 exception indicator having a pending exception indication 
state and a no pending exception indication state, the mediod 
comprising a series of steps, enabled by at least one 
instruction, of 

A. enabling said predse exception handling processor to 

40 determine whether the pending exception indicator is in 
the pending exception indication state and. if so, to 
invoke a routine to process the pending exception and 
condition the pending exception indicator to said no 
pending exception indication state; 

45 B. enabling said predse exception handling processor to 
perform a i^ocessing q>eration in accordance with the 
emulated processing instruction; and 
C. enabling said predse exception handling processor, if 
an exception condition is detected during said process- 

50 ing (^Kxation. to invoke an exception handler in accor- 
dance with die precise exception handling i»ocessQr*s 
precise excq)tion handling modd to condition said 
pending exception itKlicator to said pending exception 
indication state, so that the exception condition will be 

55 processed during the processing operation fa* a subse- 
quent emulated program instruction. 

83. A method as ddined in claim 82 in which said at least 
one instruction enables said predse excq>tion handling 
{accessor to emulate an emulated program instruction, the 

60 emulated program instruction being constructed to be pro- 
cessed by a delayed exception handling processor whidi is 
constructed in accordance with a ddayed exception handling 
modeL in which if an exception is detected during (^ocess- 
ing of an instruction, the exception condition is processed in 

65 connection with a subsequent instruction. 

***** 
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